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I. INTRODUCTION 

1 

This study, "Human Engineering Criteria and Concepts for Han- 
dling Advanced Nuclear Systems in Space," investigated the prob- 
lems associated with handling advanced nuclear systems that are 
to be serviced, maintained, operated, and launched in orbit. One 
type of nuclear propulsion (3256 MW NERVA 11) and twr> types of 
auxiliary power (reactor and isotopic) systems were investigated. 
These nuclear devices were used as typical representatives of 
hardware that will be used in the systems for study. The space 
systems that were studied were: 

1) Nuclear lunar ferry; 

2 )  Nuclear interplanetary vehicle; 

3) Large orbital research laboratory (LORL); 

4 )  Manned orbital research laboratory (MORL). 

11. OBJECTIVES OF THE STUDY 

The objectives of this investigation were to: 

1) Determine the feasibility of men handling nuclear ve- 
hicles in space; 

2) Develop the human engineering design criteria and han- 
dling concepts needed by designers to produce nu- 
clear systems that are easy to maintain; 

3)  Identify technological problems and their possible so- 
lutions. 

This study w a s  conducted so that resulting data can be pre- 
sented as dimensionless parameters n o t  oriented to specific space 
systems. 



Mart i n  - CR- 6 5 - 89 

111, SUMMARY OF STUDY 

2 

The s tudy developed probable system and equipment d e s c r i p t i o n s  
of t h e  LORL, mRL, i n t e r p l a n e t a r y ,  and lunar  f e r r y  veh ic l e s .  U s -  
ing t h e  system desc r ip t ions ,  t a s k s  t h a t  probably w i l l  be a l l o c a t e d  
t o  man were i d e n t i f i e d .  

A d e t a i l e d  t ime- l ine  and t a s k  equipment a n a l y s i s  of t h e  manned 
a c t i v i t i e s  was performed. This a n a l y s i s  was prepared i n  l o g i c  d i a -  
gram format.  This methodology i s  descr ibed i n  t h e  d e t a i l e d  t echn i -  
c a l  r e p o r t .  

Isodose p l o t s  of each of t h e  r a d i a t i o n  sources  were prepared 
us ing  t h e  t a s k  analyses  computations of man's exposure per t a s k .  
These exposures per  t a s k  were presented i n  graphic  form. 

IV. IDENTIFICATION OF PROBLEM AREAS 

The problem a reas  uncovered dur ing  t h i s  s tudy are descr ibed  
i n  t h i s  chapter  and are the b a s i s  f o r  t h e  advanced program plan  
(Chap. V). Although many c o l l a t e r a l  problem areas were touched 
on dur ing  t h i s  s tudy ,  MSFC reques ted  t h a t  only those  problem a reas  
d i r e c t l y  r e l evan t  t o  the scope of t h i s  s tudy  be repor ted .  The re- 
ported problem a reas  a re :  

Requirement f o r  more d e f i n i t i v e  engineer ing des ign  
d a t a  of nuclear  space systems; 

R e a l i s t i c  r a d i a t i o n  to l e rance  c r i t e r i a  f o r  extended 
space opera t ions ;  

Maintenance and r e p a i r  concepts;  

Development of remote maneuvering u n i t s ;  

Direct-remote and ind i rec t - remote  handling ope ra t ions  
development ; 

Nuclear propulsion v e h i c l e  abor t ;  

Development of c r i t e r i a  f o r  removal and packaging of 
used r e a c t o r s ;  
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8) 

9) Spacesui t  development. 

Man r a t i n g  of r eac to r  typc SNAP system; 

A.  DESIGN DATA FOR NUCLEAR SPACE SYSTEMS 

To as su re  r e a l i t y  of t h i s  s tudy ,  t h e  s tudy  was based on t h e  
fol lowing fou r  conceptual  nuclear  systems: 

1) The i n t e r p l a n e t a r y  veh ic l e ,  which i s  powered by nuc lear  
propuls ion  and has  two SNAP-8 nuclear  a u x i l i a r y  power 
s ys t e m s  ; 

2)  Lunar f e r r y ,  which i s  powered by a NERVA I1 nuclear  
rocke t  engine.  E l e c t r i c  power i s  provided by a SNAP-8 
r e a c t  o r  ; 

3)  Large o r b i t a l  research  l abora to ry  (LORL), which has a 
modified SNAP-8 mercury-Rankine cyclC nuclear  r e a c t o r  
e l e c t r i c a l  power supply; 

4 )  Manned o r b i t a l  r e sea rch  l abora to ry  (PP3RL), which uses  
i so tope- fue led  Brayton cyc le  e l e c t r i c a l  power supply.  

Although some conceptual  design da ta  e x i s t  on t h e s e  systems, a s -  
sumptions based on imagination w e r e  used t o  f i l l  i n  t h e  a reas  
where design d a t a  were requi red  by t h i s  s tudy but  lacking i n  t h e  
l i t e r a t u r e .  Since t h i s  study w a s  intended t o  develop gene ra l  con- 
c e p t s  app l i cab le  t o  a v a r i e t y  of f u t u r e  systems t h e  incompleteness 
of t h e  des ign  d a t a  w a s  not too l i m i t i n g ,  however, f o r  f u t u r e  s tud-  
ies i n  t h i s  area where hardware concepts a r e  des i r ed  it i s  essen- 
t i a l  t h a t  complete engineer ing design d a t a  of nuc lear  space systems 
be a v a i l a b l e .  

B. RADIATION CRITERIA FOR SPACE OPERATIONS 

The most apparent  problem a rea  uncovered by t h i s  s tudy i s  t h a t  
no r a d i a t i o n  c r i t e r i a  f o r  manned space opera t ions  p re sen t ly  e x i s t .  
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C. MAINTENANCE AND REPAIR CONCEPTS 

It is apparent from the conclusions drawn from this study that 
time required to perform tasks is the most sensitive variable de- 
termining man's ability to perform required tasks. Hardware solu- 
tions that permit man to remove, repair, and replace components 
rapidly are required. 

The reactor type (as opposed to isotope type) of advanced nu- 
clear systems will involve negligible radiation hazards before 
nuclear source activation. Therefore, checkout, maintenance, and 
repair functions can be accomplished without regarding the radia- 
tion hazard. Once the nuclear sources have been activated the 
radiation hazard becomes the prime consideration in scheduling 
the orbital launch and maintenance crew activities. 

The radiation dosage to man is directly related to the amount 
of time that the man is exposed to the radiation environment. 
fore, consideration must be given to ways of increasing task ef- 
ficiency and reducing overall task times. 

There- 

Many of the manned tasks related to the four space systems 
under study in this program have been determined to be generally 
feasible; however, it is necessary to take into consideration that 
present engineering design concepts and fabrication methods are 
such that tasks involving assembly, disassembly, installation, and 
removal procedures for nuclear and nuclear accessory components 
are both difficult and time consuming. 

At the present time, engineering design concepts and practices 
as related to equipment fabrication and installation are based pri- 
marily upon mechanical and structural requirements such as torsion, 
tension, shear strength, fatigue factors, etc. In general, design 
considerations have not taken into account the necessity of Gevel- 
oping quick-disconnect and breakaway connections except in the area 
of electrical, pneumatic, and fluid connections. 

In order to appreciably shorten the task accomplishment times, 
it will be necessary for equipment designers to devise new tech- 
niques and methods for equipment mounting and assemblies. These 
techniques and methods should include the following: 

1) Design of nuclear engines so that quick-disconnect 
separation planes between the reactor vessel, exhaust 
nozzle, and reactor mounting structures will permit 
rapid and simple methods of equipment removal or re- 
placement of hot components. consideration in new 
designs should be given to such metheds as explosive 
bolts, magnetic locking devices, over center cam 
locking devices, quarter- or half-turn quick discon- 
nect couplings, etc; 

4 
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2) Design of component mounting devices so that individual 
components can be disconnected electrically and mechan- 
ically by a minimal amount of effort in a minimal time 
period. Again, considerations should be given to over 
center cam locking devices, quick-disconnect couplings, 
etc; 

3) It is also imperative that every effort be made to im- 
prove and refine existing quick-disconnect equipment 
and concepts as well as development of new concepts 
and methods. 

The use of accessory shielding reduces the radiation dosage 
to man, however to provide shielding sufficient to appreciably in- 
crease the time a man may safely spend in a task area in proximity 
to nuclear sources, we are faced with a matter of practicality. 
The major problem is twofold. First, the use of  accessory shield- 
ing involves remote manipulation of the task, and second, the eco- 
nomic practicality of placing large mass portable shields in orbit. 

The use of remote manipulating devices, while adequate and de- 
sirable in some imtances, is undesirable in other instances be- 
cause such devices are bulky, unmaneuverable, and operationally 
complex. While it is expected that refinements in operation and 
design of remote manipulators will occur within the next few years, 
it is unlikely that they will become sophisticated enough that it 
will be possible to use them to the exclusion of direct manipula- 
tion by man. 

D. DEVELOPMENT OF REMOTE MANEUVERING UNITS AND SPACE 
LOGISTICS VEHICLES 

An analysis of the nuclear environment behind the shadow shield 
of the lunar ferry and interplanetary vehicle reveals that manual 
activities are precluded. The shielding required to safeguard man 
in this area is prohibitive. Several contractors are presently de- 
veloping concepts of space logistics vehicles that may fill the re- 
quired need. These concepts are not sufficiently developed at this 
time to permit detailed task analysis. However, it is strongly 
recommended that further investigation in this area be undertaken. 
Design criteria for these vehicles should include: 
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An independent maneuvering system with reasonable re- 
serves for unexpected problems; 

A sdlf contained power source; 

A stabilized reaction control system; 

Radar target acquisition system for intelligence in- 
put to the guidance system; 

Stereoscopic (probably) television system to provide 
intelligence to the man controlling the unit; 

Manipulator arms to provide some capability for remote 
repair; 

Appropriate tools and test equipment built into the 
unit to facilitate inspection o r  maintenance and re- 
pair jobs; 

Communications equipment for transmission of data, 
television signals, guidance control, and manipulator 
control signals. 

E. DIRECT-REMOTE AND INDIRECT-mTE HANDLING OPERATION 
DEVELOPMENT 

Applications of remote handling in space can be classified 
in two categories: (1) direct remote, where the operator is po- 
sitioned- behind a shield operating manipulators directly; and 
(2) indirect-remote, where the operator is positioned at a con- 
trol module physically distant from the manipulative device that 
must be operated remotely. 

A survey of published data on manipulator systems has indi- 
cated that much of the data developed on terrestrial systems have 
questionable application to space systems. Detailed studies of 
the following problems must be conducted to determine the design 
criteria for manipulators and their limitations for in-space 
maintenance: 
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Manipulator reach; 

Force and torque requirements; 

Number of degrees of freedom; 

Articulation points to provide access; 

Joint rotational capability required; 

Number of manipulators and grapplers required; 

Mode of control and actuation systems; 

Man-machine interface; 

Feedback requirements and mode of presentation; 

Environmental protection problems; 

Volume and weight considerations. 

From the human-factors point of view, the best configuration 
for remote-handling devices will be the one allowing the best oper- 
ator performance. This entails both display fidelity and control 
effectiveness. Performance decrements could conceivably be func- 
tionally related to quantitative measures of each relevant param- 
eter of the display and control systems. 
undertaken, additional research should be directed toward perform- 
ance measures themselves, the dependent variables against which 
control and display configuration will be evaluated. 
only time scores have been extensively used, but error scores 
have also been mentioned (e.g., control reversals, dropping ob- 
jects, overshoot undershoot, etc). Time data, i.e., time to com- 
plete a given task, are usually contaminated, in an undetermlned 
or at least unspecified manner, with (or biased by) errors. Either 
the data for a trial on which an error occurred are ignored or the 
data, if included, reflect not only the task time but both the time 
to commit and correct the error. The information content of the 
data is not fully used in either case, and no one seems concerned 
about this confounding of performance metrics. Actually, this may 
represent not only a confounding of dependent variables but of the 
corresponding independent variables as well. 

Before this task is 

Usually, 



Mart in -CR- 65 - 89 8 

Other performance metrics could also conceivably be used; 
for example, rate of travel, acceleration, and collision-impact 
force. The unanswered question is how these interact. 

This study has indicated that the nuclear environment outside 
the protection of the shadow shield precludes direct remote manipu- 
lation. Therefore, there exists the strong requirement for devel- 
opment of practical indirect-remote systems. 

F. NUCLEAR PROPULSION VEHICLE ABORT 

At the present time there exists no definition of OLF control 
of a nuclear vehicle after an orbital launch attempt has been ini- 
tiated. Such a definition must be generated since all tasks asso- 
ciated with abort procedures are dependent on this definition. 

It is obvious that the radiation environment in which repair 
after abort must be performed is dependent on the length of burn 
time of the nuclear engines. Also, the length of burn time de- 
termines the relative positions of the OLF and nuclear powered 
vehicle at the time of abort. Retrieval concepts must be gener- 
ated for these eventualities. Concepts of maintenance and repair 
performed by the vehicle crew were not within the scope of this 
study, but it is apparent that the requirement for future studies 
to resolve the interface of activities between the OLF maintenance 
crew and the onboard vehicle crew exists. 

G. DEVELOPMENT OF CRITERIA FOR REMOVAL AND PACKAGING 
USED REACTORS 

It is presently conceived by MSFC that activated reactors will 
be returned to earth for either disposal or refurbishment. Hard- 
ware and procedural techniques for the removal of hot reactors 
from the nuclear systems in space must be developed. Design of 
the reentry package must be developed with particular emphasis 
on the development of poison insertion techniques. This is a 
major problem area identified by this study since the nuclear 
environment associated with removal and packaging of hot reac- 
tors precludes man's direct involvement. 
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H. SPACESUIT DEVELOPMENT 

Man's capabilities while contained by an advanced spacesuit 
are not known at this time, The study assumed that man would not 
be limited by a space suit that would be developed for the 1975 
to 1985 time period. 
quirement for radical improvements in spacesuit design, providing 
to the space worker greater mobility, dexterity, speed, accuracy, 
stay time, and comfort than is provided by present spacesuits. 

However, this assumption points up the re- 

Concurrent with the development of advanced spacesuit inves- 
tigation, an investigation of man's capabilities in the suits 
must, of course, be carried on. 

The results of these investigations must be used to update 
the task-time requirements presented by this study. 

I. MAN RATING OF REACTOR-TYPE SNAP SYSTEM 

The SNAP-8 power supply, which was studied as part of the 
LORL, lunar ferry and interplanetary vehicles, must be designed 
to permit man to maintain, repair, and operate the system. 

In an unrestricted environment it is assumed that a signifi- 
cant amount of repair, adjustment, and replacement can be accom- 
plished in the power conversion loops, coolant-lube loops, startup 
mercury injection system, primary instrument sensors, the controls, 
and protective systems included in the power plant compartment. 
The degree of diagnosis, repair, and replacement possible on these 
components would be limited only by the skills and capabilities of 
the maintenance crew. The degree of repair and maintenance that 
can be applied in ccrrecting faults in major system components 
that are connected into the loops is more questionable. Consid- 
eration will have to be given to such problems as: 

1) Breaking and making of fluid connections; 

2) Methods of assuring joint integrity; 

3) Handling toxic liquid metals; 

4 )  Draining and refilling fluid systems; 

9 

5) Methods of maintaining loop cleanliness. 
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With proper shielding.between the primary reactor loop and 
the enclosure of the power conversion loops, the temperature of 
the powerplant compartment may become a problem. 
and loops will be operating at temperatures ranging from 500 to 
1250OF; and even with cooling, the ambient temperature may be 
higher .than that in which a man can work effectively. Conse- 
quently, it may be necessary to shut down the powerplant and al- 
low the systems to cool before the powerplant compartment can be 
entered . 

The components 

One of the assumptions used in the present study was that a 
means will be provided to reduce temperatures in the powerplant 
compartment to a level that will allow a man to perform necessary 
maintenance. If this assumption proves to be unfeasible as sys- 
tem requirements become firm, then shutdown of the powerplant 
will have to be initiated before any maintenance tasks can be ac- 
complished. 
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V .  ADVANCED PROGRAM PLAN 

11 

The advanced program plan conceived t o  r e so lve  t h e  i d e n t i f i e d  
problem a r e a s  is  presented i n  t h i s  chap te r .  The advanced program 
plan  i s  i n  two p a r t s :  (1) a follow-on t o  t h i s  s tudy;  and (2 )  an 
o v e r a l l  advanced program plan r e l a t i v e  t o  f i s c a l  yea r s ,  inc luding  
es t imated  cos t  and manpower requirements  t o  so lve  t h e  i d e n t i f i e d  
problem areas a s  p a r t  of o v e r a l l  development of the fou r  systems 
t h a t  have been considered throughout t h i s  s tudy .  

This  present  sti 

A .  FOLLOW-ON PROGRAM 

dy may be considered a beginning t o  the  de re 1- 
opment of ~ human engineering c r i t e r i a  f o r  handl ing advanced nuc lea r  
systems i n  space .  It w a s  intended t o  r e s u l t  i n  broad concepts ap- 
p l i c a b l e  t o  a wide v a r i e t y  of advanced space v e h i c l e s .  Very l i t t l e  
development of hardware concept was undertaken because o f :  

1) The l a c k  o f  d e t a i l e d  hardware des ign  information 
a v a i l a b l e  r e l a t i v e  t o  f u t u r e  spare  systems; 

2) The i n t e n t i o n  of t he  con t r ac to r  and MSFC t o  develop 
broad concepts t h a t  would not  be Pied d i r e c t l y  t o  
s p e c i f i c  systems; 

3) The d i r e c t i o n  g iven  by MSFC t o  present  t he  r e s u l t s  i n  
non dimensional parametr ic  format .  

It i s  recommended t h a t  t h r e e  follow-on programs be i n i t i a t e d  
t o  cont inue the  a c t i v i t i e s  begun by t h i s  study: 

1) Development of hardware concepts r e l a t i n g  t o  human 
engineer ing c r i t e r i a  f o r  handl ing advanced nuc lear  
systems i n  space; 

2)  Abort and r e t r i e v a l  concepts of nuc lear  powered space 
veh i c l e  s ; 

3)  Personnel subsystem development f o r  nuc lear  ,space 
sys  terns , 
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1. Development of Hardware Concepts 

12 

At the present time various advanced nuclear systems are being 
developed, therefore, it is not too early, to initiate a study 
which would be oriented toward the development of hardware con- 
cepts. 
opment of certain hardware solutions in the areas of: 

1) Maintenance and repair concepts; 

2) 

3) Direct-remote and indirect-remote handling equipment; 

4 )  Receipt, removal, and packaging of hot reactors. 

This present study has identified the need for the devel- 

Remote maneuvering units and space logistics vehicles; 

Development of Hardware Concepts Relating to Human Engineering 
Criteria for Handling Advanced Nuclear Systems in Space 

~~ 

lonths 1 2  3 4 5 6 7 8 9 10 11 12 

‘asks - 
Orientation 0 
Study Plan 

Obtain and 
Approval 0 

Analyse Sys- 
tem Design 

Identify Main- 
teDance and 
Repair Re- 
quirements 

Maintenance and 
Repair Concepts 

Maneuvering Unit 
Criteria 

Rem0 t e Hand 1 ing 
Criteria 

Receipt Removal, 
Packaging Criteria 

data - 
Follow-on Program 

Plan 
Midterm Report 0 
Final Presentation 
Final Report to 

Expenditure 
per Month 
in $100 30 40 60 70 90 90 

NASA 

0 

0 

DO 90 80 80 80 80 

Approximate Total Cost , $89 , 000 
Approximate Manpower, 3.5 Man Years 
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2 .  Abort and Re t r i eva l  Concepts of Nuclear Powered Space Vehicles  

This  s tudy  has  i d e n t i f i e d  an a rea  f o r  f u t u r e  i n v e s t i g a t i o n  of 
t he  problems a s soc ia t ed  with abor t ing  a nuc lea r  powered veh ic l e .  
C r i t e r i a  determining the  r e l a t i o n s h i p  between the  OLF and a nuc lea r  
veh ic l e  must be developed. This  c r i t e r i a  must desc r ibe  the  amount 
of  c o n t r o l  the  O W  r e t a i n s  over a launched v e h i c l e  a f t e r  i n i t i a l  
i g n i t i o n ,  where a b o r t  au tho r i ty  l i e s ,  and r e t r i e v a l  ope ra t ion .  
The r e s u l t i n g  r a d i a t i o n  environment must be analyzed t o  develop 
r e a l i s t i c  r e t r i e v a l  and r e p a i r  procedures 

Abort and Re t r i eva l  Concepts f o r  Nuclear Powered Space Vehicles  
I 

Months 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  
Tasks 

O r i e n t a t i o n  
Study Plan 

Approval 
Abort Condi t ions 
Abort Cr i te r ia  
Abort Author i ty  
O W /  Ve h i  c 1 e 

Rela t ionship  
Environmental 

Ana 1 ys i s 
R e t r i e v a l  Concepts 
Midterm Presenta-  

t i o n  and Report 
F i n a l  P resen ta t ion  
Report t o  NASA 

Expenditure 
per Month 
i n  $100 

0 

0 
0 

0 

20 30 30 40 50 50 45 40 50 40 

Approximate T o t a l  Cost ,  $39,500 
Approximate Manpower, 1 .75 Man Years 

~~~ 

3 .  Personnel Subsystem Development f o r  Nuclear Space Systems 

A s  d o c t r i n a l  and hardware concepts a r e  developed f o r  advanced 
nuc lear  space systems, the  need f o r  t he  development of a compatible 
personnel subsystem becomes apparent .  A d e f i n i t i o n  of manpower 
needs,  s k i l l  l e v e l s  and t r a i n i n g  requirements must be developed 
concurren t ly  w i t h  t h e  d o c t r i n a l ,  hardware, and des ign  concepts .  



Martin-CR-65-89 14 

Personnel Subsystem Development for Handling Advanced Nuclear 
Systems in Space 

Months 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

Tasks 

Orientation 0 
Study Plan Approval 0 
Functional Req. 

Manned Task 
Identification 

Identification 
of skill Level 
Requirements 

Training 
Requirements 

Selection Procedures 
Midterm Report 
Final Presentation 
Final Report 

of System - 
- - 

0 
0 

0 

Expenditure per 25 30 50 55 60 60 60 60 50 50 50 50 
Month in $100 

Approximate Total Cost, $60,000 
Approximate Manpower, 2.25 Man Years 

B. ADVANCE PROGRAM PLAN RELATIVE TO FISCAL YEARS 

The advance program plan chart (Fig. 1) depicts in chart form 
the pertinent data relative to the development time, cost, and 
manpower required to perform further study on the problem ar2as 
uncovered by this study. 

Included in Fig. 1 are development time, cost, and manpower 
estimates of the four major vehicles used in this study. These 
data were compiled from contractor reports on the various vehicles 
and composite interpolation where data were inadequate or in- 
c omp 1 e te 

This information is used as a reference baseline only to allow 
the user to better correlate individual problem areas against the 
type of vehicles upon which they will be tested or used in an 
operational mode. 
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Vehicle da t a  a r e  presented i n  a l o g i c a l  development process  
inc luding  a l l  manpower, hardware, and development c o s t s  f o r  the 
v e h i c l e  i t s e l f .  Booster development c o s t s  and manpower are not  
included and v e h i c l e  span t i m e s  are predica ted  upon boos ter  a v a i l -  
a b i l i t y .  Operat ional  f i g u r e s  inc lude  l o g i s t i c  support  v e h i c l e s  
plus  ope ra t iona l  c o s t s  of l o g i s t i c  support  requirements,  r e fu rb i sh -  
ment requirements,  and veh ic l e  plus launch c o s t s .  

Development span t i m e s ,  c o s t s ,  and manpower a r e  p red ic t ed  upon 
sequen t i a l  program go-ahead and ope ra t iona l  tes t  per iods as i n d i -  
ca t ed .  

All da ta  i n  F i g .  1 a r e  sub jec t  t o  change a s  the s t a t e - o f -  
t h e - a r t  i n  each a r e a  becomes more advanced. 

Figure 2 inc ludes  a l i s t  of va r ious  types of v e h i c l e s  upon 
which experiments (developed from each l i s t e d  problem a rea )  may 
be conducted. 
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Key to  Figure 1 

-//A Advance Study Effort  

IlllllllllllllllllllI Develop System Criteria/Concept s 

Design and Development of System 

111111 Ground Test of System - Orbital Flight T e s t  of System - Orbital Operational Test and Update of System 

VflB Update of Concept 
Data Inputs from Orbital Operational Tests and 



/7- / 
Syrten/Vehicle 

Cost x Missionslyear 
Manned Orbital Development Span 
Research Laboratory 
Type Vehicle WP x EliousandsIYecr 

1st Launch (Unmanned) 

1 2 .3 4 5 6 

41 512 702 1609 I322 102 

II 
1 I 1 3*9+ 

1.5 I 13.8 I 12.8 1 11.4 I 

Large Orbital 
Research Laboratory 
Type Vehicle 

1st Launch (Unrranned) 

Cost x Missionslyear I 
Development Span I 

I I 

Interplanetary 
Type Vehicle 

Lunar Ferry 
Type Vehicle 

1st Iaunch (Uamanned) 

Cost x Missionslyear 

Development Span 

NIP x ThousandsIYear 

Cost x MissionsIYear 

Development Span 

M/P x ThousandsIYear 

I 1st Launch (Unmanned) I I I I I I 
1 

1 2 1 3 1  4 5 6 

Output FM Vehicles I Nuclear Powered SystemslSpace 
Veliicle Design CriteriJ 
Ava i 1 t b le IEI 
Space Tug 

I Cost x Hillions/Year I n L X  I n (rx I o 96 I o 96 I 0.96 I 2.4 

Remote bneuvcring Unit 

I x Thousands/Year I 0.02 1 0.02 I 0.04 I 0.04 I 0.04 I 0.1 

I Cost x nillions/Year 6.5 1 32.6 I 19.5 I 11.9 I 11.6 
Direct-ilenote Handling Unit Lkvelopmerc Span 

I X/P x Thousands/Year I 0.10 1 0.10 I 0.50 I 0.30 1 0.20 I 0.20 

I Cost x Millions/Year 1 1.2 I 1.68 I 2.16 I 2.4 I 2.4 I 2 -4  
Indirect-Remote Handling Unit 

I n/P x Thousandslyear I 0.05 I 0.07 I 0.90 I 0.10 I 0.10 I 0.10 

Spacesuit 
Cost x )lillions/Year 

Development Span 

I tl/P x ThousandsIYear 1 0.50 I 0.50 I 0.75 I 0.10 I 0.10 I 1.5 

] M/P :; Thousands/Year I 0.01 I 0.0151 0.025 I 0.04 I 0.07 I 0.15 
Cost x MllionsIYear 

Maintenance and Repair Concepts 

Wan-Rating Reactor Type 
SNAP Systems 

Cost x MillionslYear 

Development Span 

W P  x ThousandsIYear i 

Orbital Receipt of Nuclear 
Powered Vehicles/Subsystems 

Cost x MillionslYear 
Orbital Disposition of Activated 
Nuclear Reactors/Isotooes . ~~ 

. ~~ ~ ~. I MfP x ThousandslYear I 0.01 I 0.02 0.04 1 0.06 1 0.10 I 0.20 
I 

Orbital Abort of Nuclear 
Powered Vehicles 

cost x HillionsIYear 

I n/p x Thousands/Year I 0.02 I 0.02 I 0.02 I 0.02 1 0.02 I 0.02 



7 8 9 10 11 12 13 

t I I I 1 I I I I 1 i 

14 15 16 17 18 19 20 

t I I I I I I I i i 

1.2 

I I 

~ 

485.5 1536.9 1290.8 1136.6 I 120.0 1 I I I I i 

1.9 1 I I I I 1 I 1 

2.6 7.5 I 9.1 8.9 8.5 7.7 7.1 1.8 I 1.3 0.9 

1 + 1 
119.0 258.1 266.2 274.9 462.9 529.5 384.1 202.8 111.2 

7 
I 

14.7 

1.8 3.2 3.4 7.1 7.1 6.9 2.7 1.5 7.1 10.8 10.8 

4 
8 9 10 11 12 13 14 15 16 17 18 19 20 

IV 
V V 
LF 

25.3 20.7 18.6 13.6 6.7 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 

0.25 I 1.00 1 1.55 I 1.35 1 1.301 0.351 0.401 0.351 0.351 0.211 0.201 0.071 0.071 0.071 

0.08 I 0.06 I 0.06 1 0.06 I 0.06 

0.20 I 0.15 I 0.15 I 0.15 I 0.101 0.101 0 .ml  0.101 0.101 0.101 0.101 0.101 0.101 0.10 

0.06 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.06 

1 0.10 I 0.50 I 0.75 I 0.10 I 1.5 I 0.101 0.501 0.501 0.501 0.10) 1.5 I 0.151 1.5 I 0.15 

0.15 I 0.10 I 0.05 I 0.10 1 0.15 I 0.10 I 0.05 I 0.05 I 0.05 I 0.10 I 0.15 1 0.15 I 0 . 1 5  1 0.15 

0.15 I 0.10 I 0.10 0.10 1 0.10 0.101 0.10 0.10 0.10 0.101 0.101 0.101 0.101 0.10, 

0.02 I 0.02 I 0.02 1 0.03 0.101 0.101 0.10l 0.10 

0.48 1 0.48 I 0.48 4 . 8  4.8 2.40 I 2.40 1 2.40  I 2.40 

Fig. 1 Advanced Program Plan . 
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